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(57) Abstract 

A substantially clear and substantially colorless encapsulating material for protectively encapsulating an operating photovoltaic device 
while substantially retaining light transmittal properties necessary for efficient device operation. The enc^ulating material is substantially 
free of an ultraviolet light absorber component and comprises a polymer component and a curing agent component. Additional additives 
can include a primer component, an ultraviolet-light stabilizer component and an antioxidant componem. 



V 



N 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates pany to the PCT on the front pages of pamphlets publishing inteniational 
applications under the PCT. 



AM 


AimenU 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


CN 


Guinea 


NE 


Niger 


BB 


Bait»dos 


GR 


Giecoe 


NL 


NedicrUnds 


BE 


Belgiuin 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Fa&o 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


rr 


luly 


PL 


Poland 


BJ 


Benin 


jp 


Jipao 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Ronmia 


BY 


Belanis 


KG 


Kyigystan 


RU 


Rttsum Fedenifon 


CA 


Canada 


KP 


Demooitic People's Republic 


SO 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


SiagMpOK 


CH 


S^tzerlaod 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


C6u d'lvotre 


U 


Liecfatensttin 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


5N 


Senegal 


CN 


China 


LR 


Liberia 


5Z 


Swttflnd 


cs 


Czechoslovalcia 


LT 


Liibttinii 


TD 


Chad 


cz 


Czech Republic 


LU 


Luotemboorg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


T^jtldnaa 


DK 


Denmaik 


MC 


Moauco 


TT 


Trinidid and Tobago 


EE 


Eiionia 


MD 


Rqn^Uc of Moldova 


VA 


Ukziiae 


BS 


Spain 


MG 


Madagascar 


UG 


Uganda 


Fl 


Fiatind 


ML 


Mali 


US 


United States of America 


FR 


Binoe 


MN 


MoBfolia 


UZ 




CA 


Gabon 


MR 


Maarilaiiia 


VN 


Viet Nam 



wo 97/22637 PCT/US96/204S2 
Encapsulating Material for Photovoltaic Devices 



The United States Government has rights in this invention under Contract No. 
DE AC36-83CH10093 between the United States Departnxnt of Energy and the 
National Renewable Energy Laboratory, a division of the Midwest Research Institute. 

T^hpica) Fig)4 

The present invention relates to an encapsulating mat^ial for protectively 
encapsulating an operating photovoltaic device and being substantially free of an 
ultraviolet-light absorber con^onent 

P^gkp-Qpnd Art 

Because photovoltaic devices such as those incorporated in solar energy 
collectors are subjected to intense environmental inpact including concentrated 
ultraviolet light exposure, yet must be able to efficiently receive sunlight with no or 
minimal blockage or dUution so that as much energy as possible can be extracted from 
this light source, it is important that adequate protective materials are available to 
function as safeguards for photovoltaic devices without interfering with device 
operation. One such commonly-enployed safeguard is an encapsulant material within 
which a photovoltaic device is housed. This material is formulated from ethylene vinyl 
acetate polymer, a curing agent conponent for the polymer, an ultraviolet light 
absorber conponent, an ultraviolet light stabilizer, and an antioxidant. 

While the above-described prior-art polymer composition is widely enyloyed, 
its longevity of utility with regard to clarity and clearness, two highly-in^ortant 
characteristics for adequate light transmission to the housed photovoltaic device, is 
severely limited. Specifically, it has been found that this material degrades relatively 
quickly to a yellow to dark hrown color whk:h, of c 3urse, interferes with full spectrum 
solar admission to the encapsulated photovoltaic device. Since the encapsulated 
device as well as its polymer-composition encapsulant are usuaUy sandwiched within 
cooperating structural-assembly pieces, changing the encapsulant is not practical. As a 
result, and after only a relatively short period of time, solar transmission to the 
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encapsulated photovoltaic device is pennanently reduced and energy-collecuon 
ef&ciency drops dramaticaUy. 

In view of the above factors, it is apparent that a need is present for an 
encapsulating material having significant longevity. Accordingly, a primary object of 
the present invention is to provide an encapsulating material that maintains clear and 
colorless charaaeristics over a practical period of time. 

Another object of the present invention is to provide an oicapsulating material 
substantially free of any ultraviolet light absorber coniponent, yet abb to withstand 
normal ultraviolet light found in the solar spectrum without sigmficant degradation. 

These and other objects of the present invention will become apparent 
throughout the description thereof which now follows. 

Disclosure of the Invention 

The present invention is a substantially clear and substantially colorless 
encapsulating material for protectively encapsulating an operating photovoltaic device 
while substantially retaining light transmittal properties necessary for efBcient device 
operation. The encapsulating material is substantially free of an ultraviolet light 
absorber con^onent and conq>rises a polymer component and a curing agent 
component Additional additives can include a primer con^nent, an ultraviolet-light 
stabilize component and an antioxidant component As is apparent from a 
con9)arison of the prior art formulation recited above and the £:)rmulation of the 
present invention, the present material has no ultraviolet-light absorber material 
Indeed, it has been discovered that such absorber material, always included in the 
prior-art conqjositions to convert ultraviolet light energy to heat energy, deconposes 
photochemically and contributes to or enhances browning of the encapsulating material 
to thereby significantly intorfiere with light transmittal tiirough the encapsulating 
material Non-inclusion of an ultraviolet absorber component in accord with the 
present invention results in the formulation of an encapsulating material whose clarity 
and color do not change substantially over a significant period of time, thereby 
significantly enhancing both the lifetime and the efficiency of a photovoltaic device as 
ir operates to effectively capture solar energy. 
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Brief Description of the DrawiT^g^ 

Figure 1 is a graph con^arbg discoloration charaaeristics as measured by a 
yellowness index of four encapsulating-material formulations, each containing polynoer, 
curing agent, ultraviolet-light stabilizer and antioxidant conponents, over a period of 
time expressed in hours; and 

Figure 2 is a graph comparing discoloration characteristics of three 
encapsulating-material formulations, each containing polymer and curing agent only 
without additional additives, over a period of time expressed in hours. 

Detailed Description of a Preferred Embodiment 

The following examples describe the preparation of an encapsulating material 
for protectively encapsulating an operating photovoltaic device. 

Example I 

A stock solution of ethylene vinyl acetate is prepared by dissolving in an 
organic solvent such as cyclohexane, tetrahydrofdran, etc. apre-wdghed quantity of 
ethylene vinyl acetate polymer pellets ("Elvax 150," manufactured by DuPont 
Company, Wibnington, Delaware; an ethylene vinyl acetate random copolymer having 
67 wt.% eth>lene and 33 wt% vinyl acetate). A typical concentration is 50 mg. per 
mL The pellets can be soaked in methanol for one to two days to extract and/or 
remove any residual organics and wax therefirom, and thereafter thoroughly dried prior 
to use. In a like manner using organic solvents, an ultraviolet-light stabilizer solution, 
an antioxidant solution and a curing agent solution are prepared. The ultraviolet-light 
stabilizer solution is prepared from Bis(2,2,6,6-tetramethyl-4-piperidinyl) sebacate 
CTinuvin 770," manufactured by Qba-Geigy Corporation. Hawthorne, New York); 
the antioxidant solution is prepared from Tris(monononylphenjd)phosphite ("Naugard 
p/' manufactured by Uniroyal Chemical Corporation, Middlebury, Connecticut); and 
the curing agent solution is prepared from 2,5-Bis(tcrt-butyUioxy)-2,5dimethylhexane 
C'Lupersol 101, "manufactured by Organic Peroxides Division, Atochem North 
America Inc., Philadelphia, Pennsylvania). A typical solution concentration consists of 
100 pph (parts per hundred) ethylene vinyl acetate, 0.1 wt% stabilizer, 0.2 wt% 
antioxidant and 1.5 wt% curing agent. Thus, if 50 mg/ml ethylene vinyl acetate is 
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used, then the stabilizer amount equals 0.05 mg/ml, the antioxidant amount equals 0. 10 
mg/mL and the curing agent amount equals 0.75 mg/mL 

The function of the uhraviolet-Iight stabilizer con^onent is to stabilize the 
polymer from reacting to ultraviolet light exposure by scavenging for free radicals 
within the polymer. An antioxkiant can be included to function as a polymer stabilizer 
by stabilizing the polymer during thermal processing and by facilitating the 
decomposition of (hydro)peroxides. The curing agent initiates the cross-linking 
reaction between the polymer chains to thereby yield the final product If included, a 
primer conponent, prefiM^bly a silane coupling agent such as methacryloxypropyltri- 
nxthoxysilane, functions to enhance the adhesion strength of chemical bonding. 

A solution mixture containing 100 pph polymer conqjonent, 0.1 wt.% 
ultraviolet-light stabilizer component, 0.2 wt.% antioxidant component and 1.5 wt.% 
curing agent component was prepared in a vial which was capped tightly and shaken 
gently on a mechanical shaker for a few minutes. The mixture was then poured into 
clean Petri dishes with covers and the solvents are allowed to evaporate slowly over 
one to two days as required. If necessary, a low vacuum at 25-40*C in a vacuum oven 
can be applied to remove residual solvent. Upon solvent evaporation, a so-called 
"solution^cast" fikn is produced in each Petri dish. Because these films arc usually 
fragmented and thin, film pieces are processed together at a temperature of 70-75**C 
under vacuum for a few minutes in a double-bag vacuum laminator with a spacer 
between two sheets of Teflon cloth and two metal plates to thereby obtain constant- 
thickness films. Conversely, a microextmder as known in the art can be used to 
directly prepare constant-thickness films, thereby eliminating the step requiring 
preparation of solution cast fibns. 

The constant-thickness films thus produced were then cut to desired sizes and 
placed between two cleaned quartz or borosilicate glass slide plates of 1/16" to 1/8" 
thick, placed in the double-bag laminator and laminated and cured. For the curing 
agent here en^loyed (Lupcrsol 101), the curing ten5)crature was 145^C for a period of 
40 minutes to thereby produce an encapsulating material 
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In the same manner as in Exan^le I, except for en5)loying as the curing agent 
conponent 00-t-butyl-0-(2-ethylhexyl)-monopcroxycarbonate ("Lupersol TBEC," 
manufactured by Organic Peroxides Division. Atochem North America Inc., 
Philadelphia, Pennsylvania) and a curing time of eight minutes, a second group of films 
was prq>ared. 

Example m 

In the same manner as in Exanple I, except for en^loying as the curing agent 
con^jonent I,I-di(t-butylperoxy)-3,3,5trimethylcyclohexane ("Lupersol 231," 
manufactured by Organic Peroxides Division, Atochem North America Inc., 
Philadelphia, Pennsylvania) and a curing time of eight minutes, a third group of films 
was prepared. 

In the same manner as in Examnpk I, except for preparing a solution mfacture of 
100 pph polymer component, 0,1 wt% uhiaviolet-light stabilizer con5)oncnt, 0.2 
wt% antioxidant component, 1.5 wt.% curing agent conponent and 0.3 wt% 
ultraviolet-light absorber con5)onent ("CyasorbUV 531," manufactured by American 
Cyanaraid Corporation, Wayne. New Jersey), a fourth group of films was prepared. 
The films of Example IV represent the prior-art formulation containing an ultraviolet- 
light absorber conponent 

In the same manner as in Exanple I, except for preparing a solution mixture of 
100 pph polymer conrponent and 1.5 wt.% 00-tbutyl-0-(2-ethylhexyl)-mono- 
peroxycarbonate only and without any other additives and for a curing time of eight 
minutes, a fifth group of films was prepared. 



Example VI 

In the same manner as in Exanq)le I, except for preparing a solution mfacture of 
100 pph polymer con5)onent and L5 wt.% 2,5Bis(tert-butyldioxy).2,5-dimethylhexane 
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only and without any oth«^ additives and a curing tinie of 40 minutes, a sixth group 
of films was prepared. 



Example Vn 

In the same manner as in Example I, cxcq>t for preparing a solution mixture of 
100 pph polymer component, 1.5 wt.% 00-tbutyl-0-(2-ethyUicxyl)-mono- 
pcroxyearbonate and 0.3 wt.% ultraviolet-light absorber conponent ("Cyasorb UV 
531") only and without any othex additives for a curing time of eight minutes, a 
seventh group of films was prepared. 

Sair?)le films from Exan5)les I- VII were exposed to an enhanced ultraviolet 
light solar simulator for over 2,000 hours at a black panel temperature of 52-54X. 
The results of this exposure for Exan5)les I-IV are shown in the graph of Figure 1 and 
for Exanplcs V- VH in the graph of Figure 2. Specifically, the sample films of 
Examples IV and VU containing an ultraviolet-Iight absorber conponcnt shows 
significant yellowing as is apparent in Figures 1 and 2. Conversely, the results vividly 
demonstrate non-discoloring of encapsulating material not containing an ultraviolet- 
light absorber con^jonent as exemplified in Examples Mil and V-VI. Therefore, the 
encapsulating material of the present invention maintains clear and colorless 
characteristics over a practical pmod of time as photovoltaic devices housed therein 
operate at efficiency levels significantly above those experienced in devices situated 
within encapsulating material whose formulation includes an ultraviolet light absorber 
cort5)onenL Additionally, an inherent benefit from not using an ultraviolet-light 
absorber is that the portion of ultraviolet light otherwise absorbed by the absorber 
becomes available to produce a slight increase in photocurrent 

While an illustrative and presently preferred raiibodimcnt of the invention has 
been described in detail hCTcin, it is to be understood that the inventive concepts may 
be otherwise variously cn*odied and tinployed and that the appended claims are 
intended to be construed to include such variations except insofar as limited by the 
prior art. 
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1 . A substantially clear, substantially colorless encapsulating material for 
protectively encapsulating an operating photovoltaic device and being substantially free 
of an ultraviolet-light absorbs con^onent, the encapsulating material comprising a 
polymer coniponent and a curing agent con^onent. 

2. The encapsulating material of claim 1 wherein the polymer component is 
ethylene vinyl acetate. 

3. The encapsulating material of claim 2 wherein the curing agent con^onent is 
selected from the group consisting of 2,5-Bis (tert-butyldioxy)-2,5-diniethylhexane, 
00-t-butyl-0-(2-ethylhexyl)-mono-peroxycarbonate and 1, 1 -di(t-butylperoxy)3,3»5- 
trimethylcyclohexane. 

4. A substantially clear, substantially colorless encapsulating material for 
protectively encapsulating an operating photovoltaic device and being substantially free 
of an ultraviolet-light absorber con5)onent, the encapsulating material comprising a 
polymer conqjonent, a curing agent component, an antioxidant conponent and an 
ultraviolet-light stabilizer conponent. 

5. The encapsulating material of claim 4 wherein the polymer conr5>onent is 
ethylene vinyl acetate. 

6. The encapsulating material of claim S wherein the curing agent component is 
selected from the group consisting of 2,5-Bis (tert"butyldioxy)-2,5-dimethylhexane, 
00-t-butyl-0-(2ethylhexyl)-mono-peroxycarbonate and l,l-di(t-butylperoxy)3,3,5- 
tiimethylcyclohexane. 

7. The encapsulating material of claim S wherein the antioxidant coniponent is 
Tris(mono-nonylphenyl)phosphite. 

8. The encapsulating material of claim 6 wherein the antioxidant component is 
Tris(mono-nonylphenyl)phosphite. 

9. The encapsulating material of claim S wherein the ultraviolet-light stabilizer 
con5)onent is Bis(2,2,6,6-tetramethyl4-pq)eridinyl) sebacate. 

10. The encapsulating material of claim 6 wherein the ultraviolet-light stabilizer 
component is Bis(2,2,6,6-tetramethyl4-piperidinyl) sebacate. 
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1 1. The encapsulating material of claim 7 wherein the ultraviolet-light stabilizer 
conq)onent is Bis(2,2,6,6-tetraniethy]4-pipendinyl) sebacate. 

12. The encapsulating material of claim 8 wherein the ultraviolet-light stabilizer 
con;)onent is Bis(2,2,6,6-tetraniethyl4-pq)endinyl) sebacate 
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